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Overview of Surgical Scar Prevention and Management 

Management of incisional scar is intimately connected to stages of wound healing. The 
management of an elective surgery patient begins with a thorough informed consent 
process in which the patient is made aware of personal and clinical circumstances that 
cannot be modified, such as age, ethnicity, and previous history of hypertrophic scars. In 
scar prevention, the single most important modifiable factor is wound tension during the 
proliferative and remodeling phases, and this is determined by the choice of incision 
design. Traditional incisions most often follow relaxed skin tension lines, but no such lines 
exist in high surface tension areas. If such incisions are unavoidable, the patient must be 
informed of this ahead of time. The management of a surgical incision does not end when 
the sutures are removed. Surgical scar care should be continued for one year. Patient 
participation is paramount in obtaining the optimal outcome. Postoperative visits should 
screen for signs of scar hypertrophy and has a dual purpose of continued patient education 
and reinforcement of proper care. Early intervention is a key to control hyperplastic 
response. Hypertrophic scars that do not improve by 6 months are keloids and should be 
managed aggressively with intralesional steroid injections and alternate modalities. 
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INTRODUCTION 

Advanced understanding of stem cell lineages, biomolecular 
signaling cascades, cellular responses, and wound healing ki- 
netics has shed much insight into the mechanism of wound 
healing. Significant findings in basic science research have been 
translated into clinical applications. Notable examples are bio- 
logic acellular matrices, negative pressure wound therapy, and 
bioabsorbable polymer products. 

For most physicians and patients, however, clinical manage- 
ment of wounds continues to lag behind decades-old research. 
The plethora of ineffective commercial product (miracle scar 
creams, for instance) confuses and misleads patients, while the 
tsunami of basic science text amount to an indigestible intellec- 
tual burden for busy clinicians. The opinion of the authors is 
that a sixteen-page chapter out of general surgery textbook from 
the 1980s still contains 90% of the clinically relevant informa- 
tion found across multiple chapters in a contemporary multi- 
volume plastic surgery textbook. 

This article was prepared in an attempt to re-iterate the time- 
honored traditions of wound healing management and to clari- 
fy the most up-to-date rational for these traditions. We review 
the wound healing processes and discuss how these processes, 
especially the remodeling phase, relate to prevention and man- 
agement of unsightly surgical scars. 



SCAR FORMATION 
Wound healing 

The generic model of wound healing can be divided into three 
main processes: inflammation, proliferation, and remodeling. 
Inflammation commences with disruptions in capillary blood 
vessels and induction of hemostatic cascade. The leaked intra- 
vascular contents form fibrin clots, which are composed of fi- 
brin mesh and platelets. This provisional extracellular matrix 
(ECM) in the wound paves the way for migration of various cells 
that participate in the wound healing process. 

The second stage in wound healing is proliferation, which 
begins around day 4 or 5 with the migration of fibroblasts into 
the wound matrix. By 2 to 4 weeks, the fibroblasts are maximal- 
ly up-regulated and replace the fibrin with a more robust ma- 
trix of collagen fibers. In the mature wound, the initial elastic fi- 
ber network is no longer observed and explains the firmness 
and absence of elasticity of scars (1). Another important aspect 
of the proliferative phase is the inward epithelialization of kera- 
tinocytes from the wound margin. Wound contraction begins 
around day 10 to 12, but this timing can vary with wound sever- 
ity and general conditions of the patient (2). 

The third and last stage in wound healing is the remodeling 
phase, which usually begins 3 weeks after tissue injury. Micro- 
scopic findings of this stage include decreases in fibroblast count, 
occlusion of blood vessels, and hardening of collagen fibers. 
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Continuous collagen production and degradation has an effect 
of remodeling the mature wound matrix for approximately 6 
months post injury. At this point, production and degradation 
balances each other, and no significant change in collagen amo- 
unt is observed. The remodeling phase is the most responsible 
for intra- and interpersonal variations in scar qualities. A heal- 
ing incisional wound can become an unsightly scar during this 
period. 

Understanding these three main phases, wound healing can 
be optimized. Modifiable factors of incisional scar response in- 
clude incision design, atraumatic handling of soft tissue, hemo- 
stasis, aseptic techniques, and tension reducing approaches in 
both the short and long-term postoperative setting (3). 

Wound healing phases are not discrete. Proliferation phase 
begins even before the inflammation phase has completed and 
continues even as remodeling has begun. The remodeling phase 
itself continues long after the sutures have been removed and 
dressing abandoned. Because of this, the care of an incisional 
wound should be considered as a continual process, and mini- 
mizing scar formation should be a long-term goal. These are 
important aspects of wound management that must be empha- 
sized to encourage patient participation (4, 5). 

Skin tension and incision design 

The external shape of human body is determined by the under- 
lying bony skeletal framework, which the skin must cover. To 
conform to this complex shape, the skin must be both viscous 




Fig. 1. Langer's lines. 



and elastic to deform and return to its original shape. Mechani- 
cally, it needs to be both strong and flexible. 

The tension vectors across the skin are specific to the volume 
and movement of the underlying structure, and high skin ten- 
sion is most closely associated with scar formation. Unfortu- 
nately, quantitative measurement of skin tension is neither reli- 
able nor practical in clinical settings. Instead, skin lines have 
been used as surrogate indicators of tension vectors. While a 
multitude of skin lines have been introduced over time (6), Lan- 
ger's line and relaxed skin tension line are the most widely known. 
A punch excision in the skin usually results in a circular defect 
that immediately deforms into an ellipse. When multiple punch 
excisions are performed and the major axes of these ellipses are 
connected, the resulting line is considered as a Langer's line (Fig. 

1) (7). These lines run parallel to the main collagen bundles in 
the dermis but do not always follow the line of wrinkle. 

Relaxed skin tension line (RSTL) is a furrow created when the 
skin is pinched and relaxed in the absence of local tension (Fig. 

2) (8, 9). Clinically, the skin is maximally extensible perpendic- 
ular to RSTL, and this implies that the tension is minimized when 
incisions are created along RSTLs. While Langer's lines and 
RSTLs run in the same direction over many parts of the body, 
they are significantly different in mechanically complex areas 
such as the mouth corner, lateral canthal area, and temple. 

A proper understanding of skin tension vectors is crucial to 
incision design. In the opinion of the authors, improper inci- 
sion designs are the number one reason for hypertrophic scar 




Fig. 2. Resting static tension lines on the face. 
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response observed in a remodeling wound. Great tension across 
an incision threatens to pull the skin edges apart. In response, 
the wound must try to hold itself together more tightly. Micro- 
scopically, this appears as increase collagen deposition. Macro- 
scopically, the wound appears to become hypertrophic. The 
cruelty is in the timing. Because hypertrophic responses are 
observed months after an incision has been made, the surgeon 
cannot correct the errors of his/her ways - except perhaps to 
placate the patient. 

In certain areas of extreme skin tension, hypertrophic response 
is unavoidable regardless of the direction of incision (i.e. shoul- 
ders). For this reason, traditional incisions almost always avoid 
the skin directly over extensor joints. The converse is also true; 
flexor creases welcome the scalpel with open arms. 

Determinants of scar response other than skin tension 

Blood supply 

Blood supply is a significant factor in wound healing, and area 
of the skin with rich supply of vasculature is known to heal with 
finer scars. The face is a prime example. 

From the major arteries, the blood flows through septocuta- 
neous and musculocutaneous perforators, and supplies the fas- 
cial, subcutaneous, and dermal plexuses. Eventually, the blood 
exchanges nutrients and oxygen for carbon dioxide and other 
unwanted metabolites during the transit through dermal capil- 
laries. The epidermis has no blood vessel, and nutrients are de- 
livered from the dermis to epidermal cells by the process of dif- 
fusion. 

A viable wound margin must receive its blood supply, and 
the blood supply has to come through one of two routes. Either 
it comes from a perforator vessel in the vicinity of wound bed, 
or it comes from a distant perforator vessel by the way of the 
dermal plexus. Often, the perforator vessels in the operative 
field cannot be preserved, especially if extensive undermining 
is required. In these circumstances, it is of utmost importance 
that the dermal plexus is respected. A skin flap created next to 
an old incision line is an island flap unless proven otherwise. If 
the few perforator vessels under the flap are divided during dis- 
section, the surgeon has turned the flap into a full thickness 
composite tissue without any vascular supply. Many unfortu- 
nate abdominal incision wounds have died in this manner. 

Patient factors 

Aging tends to decrease skin tension and sebaceous gland ac- 
tivity, and as such, hypertrophic scars are observed with lesser 
frequency in the elderly. This is in contrast to incisional scars in 
children, among whom hypertrophic scars are common be- 
cause of increased cellular activity, prolonged scar maturation, 
rapid physical growth, and increased skin elasticity. 

Additionally, ethnic skin characteristics and their association 
to postoperative scar response have been well documented. Peo- 



ple of European descent are more likely to form fine scars, while 
people of African descent appear genetically predisposed to 
hypertrophic scars and keloids. 

Previous history of poor wound healing, hypertrophic scars, 
and keloids overrides all other patient factors. It is the patient 
with a keloid in the earlobe who is more likely to develop a ke- 
loid after a surgical incision. 

While these demographic factors are just as important as re- 
specting skin tension and blood supply, none of these is physi- 
ologically modifiable. Still, understanding these patient factors 
is important because the knowledge becomes a liability if not 
used as a part of informed consent. Untold, the liability has a 
tendency to grow with compound interest. Appropriate, pa- 
tient-specific discussion during the preoperative visit can make 
the difference between a day in the courtroom and a thank you 
card after the postoperative follow up. 

SCAR MANAGEMENT 

Surgical technique 

The operator experience and technique are known modifiable 
factors of outcomes relating to scar appearances, with increased 
experience associated improved aesthetic outcomes (10). The 
experience incorporates the time-honored incision designs 
used in various fields of surgery, as well as intraoperative tech- 
niques described as the 5 A's - asepsis, absence of tension, ac- 
curate approximation, avoidance of raw surface, and atraumat- 
ic tissue handling. 

Delicate instruments force operators to use as little traction 
and crushing force required to handle wound edges. In the same 
line, the smallest sutures that can adequately overcome wound 
tension is used in all layers of approximation. Non-absorbable 
sutures, such as nylon, should be removed as soon as the wound 
has gained the strength to hold itself together. With every skin 
closure, the surgeon must remember that the role of suture is to 
provide "approximation without tension'! It is the job of the fi- 
broblasts and collagen fibers - not sutures - to hold the wound 
together. 

Postoperative care in the first few days 

Dressing materials are known to influence postoperative surgi- 
cal wound healing and scar formation (11, 12). After closure, 
wound hydration is controlled with foam dressings, which is 
changed daily or every other day. The wound can be cleaned 
with saline or tap-water, but alcohol or iodide is cytotoxic to the 
cells trying to do the work of healing within the wound. These 
cleaning products from a by-gone era should not be used to 
clean a wound that is healing well without any signs of infection. 

Postoperative care in the first week 

Any non-absorbable sutures are removed, and skin tape is ap- 
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plied to reduce tension. At one week after the surgery, the ten- 
sile strength across an incision is only 3% of that of uninterrupt- 
ed skin. This figure increases to 20% by the third week when re- 
modeling begins and to 80% after three months. Therefore, skin 
tape should be applied across the incision for at least three mon- 
ths to reduce the tension the remodeling wound must bear (13). 
These load-bearing tapes are most appropriate on convex skin 
surfaces but are not mandatory over flexor crease incisions. 

Postoperative care in the first three months 

This is the time at which remodeling is at its peak during a nor- 
mal wound healing process. While most properly designed and 
executed operative incisions will continue to heal without sig- 
nificant protest, those incisions destined for hypertrophic re- 
sponse will begin to reveal themselves during this period. There- 
fore, monthly clinic examination of the scar is reasonable. Pa- 
tients should be encouraged to continue dressing the wound 
with skin tape. Additionally, each patient be counseled to re- 
turn to clinic earlier than the appointed clinic visit if the wound 
is beginning to look "beefy" or "upset'! During this period, a 
scar can undergo hypertrophic response, which is discussed in 
the following subsection. 

Keloids and hypertrophic scars 

Keloids and hypertrophic scars are suboptimal consequences 
of skin wound healing, and are believed to be unique to human 
skin. These two clinical entities belong to a spectrum of fibrop- 
roliferative disorders, and are difficult to differentiate histologi- 
cally in the absence of relevant clinical details (14). 

Hypertrophic scar 

Synthesis and degradation of collagen fibers define the remod- 
eling phase. As a wound reaches maturity, extracellular cyto- 



kines change for cessation of further collagen synthesis and 
degradation. However, a number of genetic and environmental 
factors can interfere with this 'stop' signal, and the lack of nega- 
tive feedback can lead to continual production of collagen fi- 
bers in the wound. Clinically, this response is observed as a hy- 
pertrophic scar. 

A distinctive feature of hypertrophic scar is that, while its sur- 
face is elevated in relation to normal skin, the proliferation is 
contained within the margin of the wound. Under excessive 
tension, a scar can become wider and hypertrophic. However, 
the increase in collagen deposition does not continue beyond 
the wound margin. 

Clinically, hypertrophic scars are often red and grow from 3 
to 6 months (Fig. 3). Most hypertrophic scars begin to lose the 
redness and diminish in size around 6 months, and this process 
continues for 2 yr until the elevated surface flattens (15). Severe 
hypertrophic scars, however, can cause severe pain and pruri- 
tus. The latter often responds to antihistamine medication. 

Silicone gel sheets or silicone oil-based cream has been proved 
to be effective in limiting hypertrophic growth of scars (16), and 
are believed to decrease scar size by the increase in hydration 
and local skin temperature under the occlusive membrane (17, 
18). In patients with predisposing factors for hypertrophic scar, 
silicone gel sheets should be applied as early as two weeks after 
an operation. The gel sheet is trimmed slightly larger than the 
scar, and is applied every two hours with 30-min rest intervals 
between. The interval is gradually increased to four hours with 
30-min rest intervals. This is continued for up to six months af- 
ter the operation. In locations where sheet attachment is diffi- 
cult, scar cream can be used instead (19) upon complete epi- 
thelialization of the wound surface. The cream is topically ap- 
plied 3 to 4 times a day and massaged for 5 to 10 min with each 
application. 




Fig. 3. Serial photographs of a healing wound from abrasion over the ankle. (A) At full epithelialization, (B) 3 months, (C) 6 months, and (D)1 2 months from abrasion. 
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While used more frequently for keloids, intralesional steroid 
injections are highly effective in the management of hypertro- 
phic scars. As with keloids, the steroid (Kenalog 40 mg/mL) is 
injected directly within the fibrous portion of the scar (20, 21). 
The steroid inhibits expressions of genes related with collagen 
synthesis, which reduces collagen production and increases 
degradation. 

In the face, 2.5-20 mg/mL of the mixture is injected, and 20- 
40 mg/mL can be injected for lesions elsewhere in the body. 
The injections can be repeated every month for 4-5 months. 
The total amount of one-time injection should not exceed 120 
mg in adults and 80 mg in children. Because injections into the 
scar tissue requires significant amount of pressure, syringes 
with fixed needle or dermojet are used to deliver the mixture. 
The authors prefer the use of 1 mL syringe with fixed needle. 

Steroid injection into subcutaneous fat of surrounding skin 
can result in skin atrophy, depigmentation, and telangietasis. In 
such cases, injections should not be repeated, and these chang- 
es ameliorate over time. 

Pressure therapy can prevent some scar elevation (22) and 
should be started soon after clinical wound healing. Local hy- 
poxia by physical pressure induces regeneration of fibroblasts, 
suppresses collagen production, and activates collagenase, which 
expedites collagen dismantling. The pressure should exceed 24 
mmHg for more than 30 min every day for 3-12 months. Pres- 
sure therapy is physically uncomfortable. Patient compliance is 
expectedly low. Thus, results are highly dependent on patient 
motivation. This treatment significantly limits daily activity and 
should be reserved for more severe cases of hypertrophic scars. 

Additionally, various forms of lasers, including Nd:YAG 1064, 
fractional laser, pulsed dye laser, IPL, Q-switched laser, have been 
reported to improve scar appearance (23, 24). 

Ultimately, hypertrophic scars unresponsive to treatments 
above can be revised through excision. If the orientation of the 
previous incision placed the scar in the line of tension, a Z-plas- 
ty or W-plasty can be used to transpose the tension vector across 
the newly created incision. 

Keloid 

Keloids are frequently observed in wounds experiencing high 
tensile forces. Additionally, predisposition to keloids are known 
to be passed down as autosomal dominant traits and are more 
commonly found in Africans and Asians than in Caucasians 
(15). More specifically, populations of African descent experi- 
ence keloid incidences as high as 4.5 to 16 percent (25). 

The feature distinguishing keloids from hypertrophic scars is 
the continued scar hypertrophy during the later phase of remo- 
deling process between 6 and 18 months. A keloid scar grows 
beyond the original wound margin, turns from red to brown, 
and behaves like a benign tumor of the skin (Fig. 4). 

From a molecular biology perspective, a keloid is product of 




Fig. 4. Steroid injection in keloid. (A) Keloids over the sternum in a 62-yr-old female 
patient after open heart operation. (B) The keloid responded well after three injections 
of intralesional steroid. 

uninhibited deposition of collagen. Within a normally healing 
wound, proliferation of fibroblasts phases out, with cells under- 
going apoptosis in the peripheral margin. This down regulation 
of fibroblasts and collagen deposition is also observed within 
hypertrophic scars in the late phase of remodeling (26, 27). In 
keloids, however, fibroblasts continue to proliferate despite the 
fact that the dermal matrix is more than strong enough to offset 
the tensile forces across the wound. Even after decades of re- 
search, the exact etiology behind keloids remains unclear (28-30). 

Postoperative management of keloid begins with frequent 
survey of the incision site for early keloid formation. Silicone gel 
sheeting and silicone oil-based cream are often applied to ke- 
loids, but the outcomes are not as encouraging when compared 
to hypertrophic scars. Instead, the mainstay of keloid treatment 
continues to be intralesional steroid injections, which often re- 
sult in significant improvements after 3 to 4 administrations. 
The steroids also improve pain and itching frequently associat- 
ed with keloids. Unlike hypertrophic scars, however, keloids 
can recur after cessation of steroid injections. Follow up inter- 
ventions are often necessary. 

Physical pressure treatments generally are not effective, but 
one exception is found in magnetic pressure earrings. The ring 
can be applied on small keloids of the earlobe, and large keloids 
can be debulked prior to the application of magnetic earrings. 

Keloids have been removed using a variety of surgical meth- 
ods, from simple core excision with primary closure to com- 
plete wide-margin excisions and closure with skin grafts. De- 
spite the variations in surgical techniques and adjunctive treat- 
ment options, relapse rates range from 45 to 100%. Radiation 
therapy is effective as an adjunctive treatment to surgical exci- 
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Fig. 5. Radiation therapy after keloid excision. (A, B) Photographic views of a 15-yr-old teenage girl with keloids from ear piercing. (C, D) One year after surgical excision and 
radiation therapy. 



sions (Fig. 5). In a previously study, the authors have found that 
radiation therapy was associated with an average decrease of 
55% at 30 months of follow up (31). Although adjunctive radia- 
tion therapy decreases recurrence rate, non- discriminate use of 
radiation is discouraged because of increased risk of cancer with 
all ionizing forms of radiation. Nonetheless, reports of cancer 
cases after irradiation on keloids are rare. 

The use of intralesional steroids and radiotherapy do decrease 
recurrence rates, but this does lillle to comfort the patients still 
experience from recurrence after having exhausted all available 
forms of treatments. Prior to any surgical intervention, patients 
with significant personal or family history of keloids should thor- 
oughly be counseled regarding the high likelihood of recurrence 
and the need for continued management. 

Alternative approaches have been described in keloid litera- 
ture. Chemotherapy agents, 5-fluorouracil and bleomycin, have 
been used in keloid (32, 33). Presently, novel modalities such as 
molecular targets (34) and mesenchymal stem cells (35-37) lack 
adequate evidence for clinical application. 

CONCLUSION 

Clinical management of incisional scar begins with a thorough 
preoperative discussion. Before all elective operation, a patient 
should be aware of personal predisposing factors for excessive 
scar formation. The largest modifiable factor of scar formation 
is the design of skin incision that bears the least amount of ten- 
sion in the postoperative period. Skin tension lines are to be re- 
spected, as well as blood supplies to the wound margins. Non- 
absorbable sutures are removed as early as the wound is able to 
hold itself together. Tension-bearing skin tapes are used during 
the period of remodeling. Patients should be encouraged to 
take active participation in wound care, even long after the skin 



appears to have healed. Postoperative visits should focus on 
prevention, screening, and treatment of hypertrophic scars. 
Hypertrophic scars that do not improve after six months are no 
longer hypertrophic scars. They are keloids, and require inten- 
sive management. 
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